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$A$ $B$ $f(A+xB)$ $xB$
( ) 1-3) $\ovalbox{\tt\small REJECT}$
(quantum $\mathrm{a}\mathrm{n}\mathrm{a}1^{\mathrm{y}\mathrm{S}}\mathrm{i}\mathrm{s}$) 10 4-16)






$A(t)$ f(A( ) $t$
$\frac{df(A(t))}{dt}=\frac{df(A)}{dA}$ . $\frac{dA(t)}{dt}$ (2.1)
$df(A)/dA$ $dA(t)/dt$ $df(A(t))/dt$
(hyperoperator)
$df(A)= \frac{df(A)}{dA}$ . $dA$ (2.2)
$df(A)$ G\^ateau
$df(A)=[A, f(A)]=\delta_{H}f(A)=H.f(A)-f(A)H$ (2.3)
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$(\mathrm{A})/d\mathrm{A}$ A $\delta_{A}$ 4-16) :
$\frac{df(A)}{dA}=\frac{f(A)-f(A-\delta_{A})}{\delta_{A}}=\int_{0}^{1}f^{(1)}(A-t\delta_{A})dt$ . (2.4)
$\delta_{A}$ (2.3) $f^{(n)}(x)$ $f(X)$ $n$
(2.4) $A$ $Q$ $A$
$L_{A}$ ( $L_{A}Q=AQ$ )
$n$ $d^{n}f(A)/dA^{n}$ 4-16) :











25 $f(X)$ q- $D_{q}f(X)$ :
$D_{q}f(X)= \frac{f(qx)f(x)}{qXX}=\equiv\frac{d_{q}f(X)}{d_{q}x}$ . $(3\cdot 1)$
2
5,6).
$D_{q}f(X)= \int_{0}^{1}f^{(1)}(X+(q-1)xt)dt$ $(3\cdot 2)$
$n$ q- $n$ 5,6)
$D_{q}^{n}f(X)=[n]_{q}! \int_{0}^{1}dt_{1}\int_{0}^{t_{1}}dt_{2}\cdots\int_{0}^{l_{n-1}}dt_{n}$
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$=k$ ! $\sum_{k_{1}=0}^{k}\cdots\sum_{k_{n}=0(k_{1}+}^{k}\ldots\prod_{+k_{n}=k)j=1}^{n}\frac{1}{(k_{j}+1)!}$ . (4.5)
$a_{n1},=n/2$
$\triangle_{h}^{n}f(X)=f^{(n)}(x)+\frac{n}{2}f^{(n+1)}(x)h+\mathrm{O}(\text{ ^{}2})$ (46)
$f^{(n)}(X)= \Delta_{h}^{n}f(x)-\frac{n}{2}f^{(n+1)}(x)h+\mathrm{O}(\text{ ^{}2})$ . (4.7)
$n$ $n$ ( $\mathrm{O}(h^{n+1})$







$\lim_{harrow 0}\Delta_{hB},f(A)=\frac{df(A)}{dA}\cdot B$ (5 $\cdot$2)
$n$ $n$
$[A, B]\neq 0$
$g(X)\equiv f(A+xB)$ $(5\cdot 3)$
$x$ $n$ $g^{(n)}(x)$
$n=1$
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